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Spectral response of quantum Hall effect far infrared detector
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t Graduate School of Arts and Sciences, University of Tokyo,Japan

Abstract. Cyclotron resonance photoconductivity of 2D electrons in GaAs/AlGaAs heterostruc-
ture in millimeter and submillimeter wavelength range in strong magnetic fields was investigated.
Quantum Hall effect device was demonstrated as sensitive magnetically tunable narrow band
(2-5 cm- 1) far infrared detector.

Introduction

The magnetic field dependence of far infrared photoresponse of two-dimensional (2D)
electrons has been the subject of several investigations [1-5]. In high magnetic fields
the gap in the density of delocalized states occurs and quantum Hall effect (QHE) is
observed. When the Fermi level EF lies in localized states between two adjacent Landau
levels the longitudinal resistance R., vanishes and the Hall resistance RH is quantized to
a multiple of h/e 2. Hence one can expect that the finite R,, emerges when electrons and
holes are photoexcited in delocalized states near the level center above and below EF.

This suggests that QHE device may serve as excellent cyclotron resonance (CR) detector
in far infrared (FIR) range. In the work [5] high sensitive QHE FIR detector based on
2D electron gas in GaAs/AlGaAs heterostructures was realized. The photoresponse was
studied using tunable by the magnetic field n-InSb emitter as a radiation source with
rather broad emission line (about 20 cm-1). In the present work the high resolution
study of the photoresponse in wavelength range 100 pm to 2 mm was carried out.

1 Experimental

The sample under study was fabricated from high mobility (P4.2K • 8. 105 cm 2/V. s)

GaAs/AlGaAs heterostructure. The sample was a long Hall bar with a width W =
50 mm and a length L = 170 mm patterned in zig-zag shape and fitted into an area
4 x 4mm2 [5]. The sample was biased by dc current of 4/pA. In 2 mm wavelength
range the response was studied as a function of the magnetic field using backward wave
tube as a source of monochromatic radiation. At higher frequencies up to 100cm-1

the spectra of the photoresponse were investigated using BOMEM DA3.36 Fourier-
transform spectrometer. All measurements were made at T = 4.2 K.

2 Results and discussion

The dc measurements of the resistance R,, in magnetic fields are shown in Fig. 1. 2D
electron concentration obtained from the period (in 1/B scale) of Shubnikov-de Haas
oscillations is n, = 2.8 . 1011 cm- 2 . The observed minimums of R,, as a function of
magnetic field correspond to the filling factors v = hns/eB = 2 (at B = 5.6T), 4, 6, 8
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Fig 1. Longitudinal resistance R_, (curve 1) and photoresponse signal at A = 2.3 mm (curve 2)
of the sample versus magnetic field; T = 4.2 K.

etc. Fig. 1 presents also the magnetic field dependence of the sample photoresponse at
A = 2.3 mm. As it seen the CR signal (indicated by the arrow) is accompanied by dis-
tinct oscillations. The period of the photoresponse oscillations as well as the positions of
maximums and minimums coincide with those for the Shubnikov-de Haas oscillations.
The signal mechanism is tentatively considered as bolometric: the absorption results in
heating of the electrons (ATe) and in the change in the electron mobility, the magnitude
of the signal being proportional to (OR.,/&T) •AT,. It is seen that oscillations of the
photoresponse are stretched rather far from the CR line and suppressed at B Z 3 T
that indicates the finite density of delocalized states between Landau levels [4]. The re-
sults of the detailed investigations of the photoresponse in the submillimeter wavelength
range using backward wave tubes will also be presented in the report.

Fig. 2 represents the photoconductivity spectra of the sample in constant magnetic
fields near integer filling factors v = 8, 6, 4, 2. The spectra were measured either "to
the left" or "to the right" of R,, minimums. Sharp CR peaks with line width of few
cm- 1 were observed in the spectra. CR line positions (from both Fig. 1 and Fig. 2)
versus the magnetic field are plotted in Fig. 3a. The dependence is linear with the slope
corresponding to the GaAs electron mass value m = 0.068mo. The peak sensitivity was
earlier shown to increase with the electron mobility and in this sample was estimated at
v = 2 as 106 to 107 V/W [5]. The CR linewidth values (measured at 1/2 of the peak
signal in Fig. 2) versus the magnetic field are shown in Fig. 3b. It is clearly seen that
the linewidth undergoes rapid leaps near the integer values of the filling factors v = 4
and v = 6 that seems to result from the reduced screening due to density-of-states
gaps [6]. At the filling factors v 2 (B = 5.5 T) the linewidth increases 2 times that
corresponds to the observed peculiarities of the linewidth oscillations in the transmission
experiments [6].

Thus the QHE device was demonstrated as sensitive magnetically tunable narrow
band FIR detector. The first results on the spectroscopic study of the FIR emission of
hot carriers in MQW heterostructures obtained with QHE detector will be discussed in
the report.

The research described in the publication was made possible in part Grants No. 7.8
from Russian Scientific Program "Physics of Quantum and Wave Phenomena/Funda-
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Fig 2. Spectra of the CR photoconductivity of the sample in constant magnetic fields near integer
filling factor v = 8 (B = 1.4 T, curve 1); v = 6 (B = 1.8 T, curve 2 and B = 1.9 T, curve 3);
v = 4 (B = 2.8 T, curve 4 and B = 2.9 T, curve 5); v = 2 (B = 5.5 T, curve 6); T = 4.2 K.
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Fig 3. (a) the CR line positions from Fig. 1 and Fig. 2 versus magnetic field; (b) the CR linewidths
(FWHM) from Fig. 2 versus magnetic field.

mental Spectroscopy", No. 97-2-14 from INCAS, #96-1023 from Russian Scientific Pro-
gram "Physics of Solid State Nanostructures", No. 4.5 from Russian Scientific Program
"Physics of Microwaves" and No. 97-02-16311 from RFBR.
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